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PREFACE 

The tmtimely death of Dro Kelson Wo Hovey on July 10, I968 termi- 
nated the vork of over ten months of research for the Great Lakes Re-» 
search Division o As a good scientist , Dro Hovey kept very careful 
records of his vorko It seemed such a waste simply to abandon the re- 
sults, so I volunteered to undertake the task of writing a report on 
the project o I^m sure this is not as complete a document as he would 
have submitted but I hope it will be of some value to those interested 
in the field and will encourage someone to continue this line of worka 

Dr<> Hovey thoroughly enjoyed his association with those he came to 
know at the Division and on many occasions expressed his admiration for 
the Director, Dro David Co Chandler, and appreciation for the coopera- 
tion of Mrso Margaret No Everett, Administrative Assistanto 

On his behalf I also would like to acknowledge the help and co- 
operation df several of the fa<|iulty of the College of Engineering of the 
University of Toledo? Dean Otto 2Smeskal, Associate Dean Ernest Weaver, 
Professors Clyde Balch and Edwin Saxer, and especially of Dro Herman Ro 
Sedlander whose laboratory he shared« The assistance of MrSo 7iola 
Poison of the Chemistry Department Stockroom was invaluable in provid- 
ing items of equipment for outfitting the laboratory o 

I respectfully submit this report in memory of a respected teacher 
and valued friend and colleague of many years o 



Albertine Krohn 
Professor of Chemistry 
University of Toledo 
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lo PBELIMIHARY WOEK 

The first two montha (Sept^aaber and October , I967) with Great Lakes 
Research Division were spent on library worko At first this was directed 
toward the chemistzy of phosphorms and^ to a lesser extent « of carbon 
in lake waters o When it bacame evident that both of the new men Joint- 
ing the Division had considerable experience with phosphate determine^ 
tion, this was discontinuedo Bibliography cards for this and later lit- 
erature search are submitted ijseparatelyo 

During the latter part of October it bacame apparent that labora- 
tory space at the University of Michigan was at a premium o Arrangements 
were made with the College of Engineering of the University of Toledo to 
use laboratory space in the Engineer ing-Science Building on the Toledo 
campus o Equipment was borrowed from the Division laboratory, the Univ- 
ersity of Toledo Chemistry Department pd the College of Engineering* 
Additional items were ordered as needed* 

All equiifflient and chemicals were listed in a detailed inventory 
which continually was kept up to date* It was decided to study , iqiethpds 
for the concentration and d^etermination of certain trace elements in 
natural waters*. A good cboicf scfiemed to be elemeiiits 25-30 r manganese , 
iron, cobalt, nickel, copper and sinco 

November and December were devoted to getting the Toledo laboratory 

' ' , ' • ' 

outfitted for ion exchange and spectrophotometric analysis for the selec- 
ted trace elements o Contact with the Division was maintained by weekly 



2. 
trips to Ann Artor for staff meetings and seminsurs. During this period 
some preliminary work was' done on Lake Erie water collected by Mr, 
Robert Henderson of the City of Toledo Division of Water during the 
month of December, This composite sample had passed through activated 
carbon at the low service pumping station » This proved to be unsatis- 
factory due to suspended carbon and the probability that the carbon had 
removed the trace elements » However, a number of determinations were 
made on this water after filtration through ordinary filter paper fol- 
lowed by millipore filtration. The Hach laboratory kit was used. Fil- 
tered water from Colxambia Lake, Michigan also was tested. Attempts were 
made to evaporate water samples from these lakes in order to concentrate 
the elements and bring them into a range for qualitative analysis by 
the methods given in "Qualitative Analysis," N, W, Hovey and A, Krohn, 
Sernoll, Inc, Iowa City (1966), No really positive test was obtained 
for any of the trace elements, 

January brought a sample of Lake Michigan water obtained by the 
Co & 0, Ferry from Ludington to Milwaukee, This was analyzed using the 
Hach Laboratory, Data on these and on tap water are recorded in Part 
II of this report. 

During February the analytical methods to be used were selected and 
the necessary chemicals and glassware ordered. The Spectronic 20 spec- 
trophotometer was put into use and several preliminary runs were attemp- 
ted. 

The preliminary work continued into March, This work attempted to 



3o 
establish the detection limit and practical lover limit for analysis 
of each of the elements o The datp, are presented in this report imder 
the specific element determined, A procedure for ci^ncentration of 
lake water hy ion exchange and for the spectrophotometric analysis for 
transition type metals was deyelopedo This is given on page 35<» 

The trace metal analysis work continued through June, The results 
are recorded in Parts III and IVo Additional samples of water from 
Lake Erie and Lake Michigan were analysed and these results are re- 
ported in Part II. 
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II. GENERAL WATER AHALYSIS 
At Lake Erie Water 

Collection ; Rav water intake, Collina Park filtration plant of 
the City of Toledo; 18 feet of vater, 10 feet belov the 
surface. One hundred ailliliters per day of composite 
hourly samples per month. Kept in polyethylene bottle at 
room temperature until transferred to refrigerator at U«0^ 
at the University of Toledo. 

Previous Treatment : Activated carbon added at lov service pump- 
ing station. 

Appearance : Turbid; particles of carbon floating in sample. 

Filtration ; December composite through Whatman #5 dtaisple still 
turbid after filtration). March , April and Hay composites 
filtered through 0.8 micron millipore filter. (Sloir process 
as filters clog readily.) 

Analysis : pH by ^* Analytical Instiruments** pH meter. Other deter- 
minations by Each Direct Reading-»Engineer*s Laboratory Anal- 
ysis Kit. 

Results : See Table 1. 

B. Lake Michigan Water 

Collection: C. 4 0. Perry, 17 1/2 feet belov the surface through 
clean intake. Latitude H3.8 H, longitude 86. U W. Sample in 
10 gallon polyethylene bottle. 



Previous Treatmeat s Honeo 

Appearance s Clear <> 

Filtration g Honeo 

Analysis g As for Lake Erie Water » 

Results g See Table 2o 

Co Colwbla Lake Water 

Collection s Just below ^ur:face at end of docko 

Previous Treatment s Koneo 

Appearance s Slightly turbid o 

Filtration g Through Oo8 micron millipore filter o 

Analysis g As for Lake Erie Water » 

Results s See Table 3o 

Do Tap Water 

Collection s From tap in Engineering«Science Room 1006} allowed to 

flow until temperatiire constant at 6^ Co 
Previous Treatment g Honeo 
Appearance s Clear o 
Filtration g Honeo 

Analysis g As for Lake Erie Water 

I 
Resultss See Table 3o 



TABLE 1 



AHALYSIS OF LAKE ERIE WAI!EER 



•■:,■■■.,:-••/;■■■ Cone, as B.B.! 


»• • 




Deer 


Marbh 


April 


Hair 


Alkalinity 


85 


85 


90 


95 


Chloride 


22.5 


27.5 


25 


25 


Copper 


0.2 


0.08 


0.15 


0.17 


Fluoride 


0.22 


0.20 


0.25 


0.25 


Hardness (Total) 


IU5 


130 


130 


135 


Iron 


0.06 


0.05 


0.08 


0.03 


Manganese 


0.25 


0.25 


0.23 


0.25 


Nitrogm (MO2" + NO3*) 


.1.0 


0.62 


1.08 


l.k 


phosphate (ortho) 


0.26 


0.22 


0.22 


0'i6 


Silica 


0,35 


0.1*3 


o.Ho 


0.72 


Stafate 


kQ 


28 


28 


37 


PH 


8.1 


8.0 


8.0 


8.0 



TABLE 2 



AHALYSIS OF LAKE MICHIGAN WATER 



Conco as p«p«mo 




January 


April 


Alkalinity 


110 


113 


Chloride 


10.0 


10.0 


Copper 


0.1 




fluo^ride 


O.U 


0.16 


Hardness (Total) 


120 


130 


Iron 


0,02 


0.03 


Manganese 


0.00 


0.03 


Nitrogen (Hd^* + NO3-) 


0,16 


0.19 


Phosphate (ortho) 


o.ot 


0,06 


Silica 


1.7 


1.T2 


Sulfate 


20.0 


16,0 


pH 


8.2 


7.9 



TABLE 3 



MAL7SIS OF COLUMBIA LAKE AITD TAP WAITER 



Conco as Pop^mo 




Colmbia Lake 


Ta^ 


Alkalinity 


170 


20 


Chloride 


IT. 5 


22.5 


Copper 


0,3 


0,35 


Fluoride 


0.25 


1,25 


Hardness (Total) 


2k3 


TO 


Iron 


O0O3 


0.1 


Manganese 


0.05 


0,1 


Hitrogen (HO2" + HO3"") 




6 


Fhoisphate (ortho) 


0,16 




Silica 


0.9 




Sulfate 


92 


26 


pH 


8o35 


9.h 
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IIIo TEACE METAL iUmiYSIS METHODS 
Ao CGSALT 

REFEBENCE^ E» B<» Sandell|> ^' Color imetrlc Determination of Traces 
of Metals,*' Third Edition , Inter science Publishers, 
Hev York (l959)o Procedure A, page Ul9« 

BEAGENTSs Hitroso«»R salt (sodium 1 nitroso«»'2-»hydroxynaphthalene«* 
3-6«disulfonate)o Use 200 mg of the salt in 100 ml 
(0<»2^), store in plastic or glass, keep away from light; 
stable for months o 

Standard cobalt solution | 1 mg/ml » 1 ppm^ 
Nitric acid (conco), hydrochloric acid (6 N) 
Sodium acetate (solid) 
Bromcresol green indicator solution, buffer at pH 3o3o 

GLASSWARE? 3 250-ml beakers, 3 10«ml volumetric flasks^ medicine 
droppers, spot plate o 

APPARATUS g Steam bath, Spectronic 20 « 

PROCEDURES Evaporate the solution containing 1»10 micrograms of 
cobalt (usually either 10 or 2? ml) almost to dryness in a ^0-ml 
Erlenmeyer flasko Add 1 (2) ml of concentrated nitric acid to 



oxidise iron aad continue the evaporation Jnst to dryness « 7ake up 
the residue in 5 (10) ml of vatert 3 (10) drops Isl hydroqblorie 
acid and 3 iXO) drops IslO nitric acid. Boil if necessary to dis«» 
solve, all solid matepial« Add exactly 0«5 j[l«0) ml of nitjroso-^R 



salt solution and 0«6 (l«2) grams of anhydrous sodium acetate* The 
pH shiould he ahout 5o^ and this may he checked vith hromcresol green 
indicator and pU 3o3 huffero Boil for one minute, add 1»0 (2«0) ml 
Of conco nitric acid and hoil again for one minute* Cool to room 
temperature in the dark, dilute to 10 (2?) ml in a volumetric flask* 
Heastire the ahsorhance at^ Map mi3-3'i9l(^9^^^^ 

SIJMMABY OF PRELIMINABY D]KCERMINATIONS s A s:tandard containinf; 
1 tig/ttl was prepare4o Since this was stored in glass, 3 drops of 
211 HCl were added to the S^OO ml; prepared to prevent **plating out** 
on the glass hottle* The evaporation was done in a small casserole 
and there may, have been some loss of solution* The results of these 
preliminary determinations are given on page 11* 

C0NCLU6I09S$ The limit of detection is about 50 vg/ml* The jLimit 
for reasonably accurate determinations is aboui 100 vg/nl* ^« 
prpcedure is reasonably satisfactory except for the considerable 
boiling required* If trace element w;ork is continued by spectro^ 
photometric methods, a procedure described on page U22 of Sandell 
might be tried* 
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SUMMARY OF PBELIMI8AHY (XBAVE SESEBHIBATIOIS 



Ml. 8td. used 


6oke, ng/l 


% Trans. 


Absorbance 


Absorbance 
corr. for Mank 


Blank 





29.2 


0.535 




0.25 


25 


33.2 


QM9 


negative 


0.50 


56 


25.9 


0.587 


0,052 


0.75 


75 


25.1 


0.600 


0.065 


1.00 


100 


19.5 


0.710 


0.165 


2.00 


200 


15.3 


Q.817 


0.272 


3.00 


300 


U.3 


0.91*7 


0.1*02 


1^.00 


1»00 


9.0 


1.0Jv6 


0.505 


5.00 


500 


6.8 


1.167 


0.622 



12o 
CALIBRATION CURVE? After considerable experience with the procedure 
and its applications to the analysis of natural waters , a calibration 
curve was constructedo The high purity water used in preparing the 
standards and for the blank was distilled water which was then 
passed through an Tllco«way Research Model ion exchanger o The data 
are given below and the curve on page 13 o 



DATA FOR CALIBRATION CURVE 



ai staadard/lO ml soIBo 


Cone, in 


ilK/l 


Corrected Absorbonce 


Blank 






0,565 


0,1 


10 




0.005 


Oo5 


50 




0.022 


1,0 


100 




0,130 


1,5 


150 




0.197 
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1^. 

Bo COPPEE 

BEFEBENCEs Saadell^ Procedure II 9 page kk9o 



REAGENTS s Sodium diethyldithiocarbamate^ O^l^ solution ^ 100 mg 
in 100 ml 9 stable for 1 week^ store in amber bottle <» 
Disodlum ethylenedlamlnetetraacetate » 10 g In 100 mlo 
Chloroform 

Ammonl\2m citrate <» Mix 210 ml of concentrated ammonia 
with 100 ml of water and add 200 g of citric acid In 
small portions while stirring and coolings Make the 
solution slightly ammoniacalg» add a little sodium dl-> 
ethyldlthlocarbamate and extract traces of copper with 
chloroform* Dilute to 500 ml o 
Cresol redg OoOl^ 
Amnionlum hydroxide 9 concentrated <> 

GLASSWABEs 3 separatory fiinnels^ 3 25«'ml volumetric flaskis, lO^ml 
graduated cylinder ^ beakers » flasks 9 stirring rods« 

AFPA&ATUSi Spectronic 20 <, 

PROCEDUBEg Zero the Spectronic 20 using chloroform^ The sample may 
have a volume of 10-20 ml and up to Uo micrograms of Cu« Add 5 ml 
of ammoniim citrate 9 10 ml of the sodium EDTA and 5 drops of 0«01JI» 



15. 
cresol red Indicator to the sample solution^ followed by conce^tra^ 
ted ammonia until the indicator. shows its alkaline color (pH « 8a5}o 
Transfer the solution tp a separatory funnel and wash the flask 
twice into the funnel with 5 ml portions of water a Add 5 ml of 
sodium diethyldithiQcarhamate solution and shake vigorously for 
1«2 minutes with 10 ml of chloroformo Run the chloroform extract 
into a 25«ml voltMetric flask and extract twice more with 5 ml 
portions of chloroformo Dilute the cpi&bined extracts to 25 ml 
with chloroformo Filter if necessary directly into the absorption 
cello Measure the absorbance at ^35 i^lHii^lc^ronSo 

SUMMABY OF PREIilMINABY DETERMINATIOH S s The secondary standard copper 
solution contained 5 ppb of copper and 5 drops of 2H HCl per liter o 
The third extraction was omitted in the runs with 5 and 10 ^icro<» 
grams of copper o The results are given on page 16 « 

CONCLtJSIOIS 3 The limit of detection is about 20 micrograms per 
liter and the limit of reasonably accurate determination is about 
100 micrograaas per liter o The procedure given above appears to be 
entirely satisfactory <» 



16. 



SUMMARY OF PRELIMUJARY COPPER DETERMIBAIIOHS 



Solution tued 


COJQCo Ufit/l 


„ ,,| 'rjpans,. .. .., 


AbBorbance 


Deionized vater 


1 


99.9 


0.001 


Lake Michigan 


? 


99o8 


0.001 


ColTuobia Lake 


? 


Neg. 




Tap water 


. ■ I 


97c5 


0,001 


1 ml stdo 


200 


85.6 


0.067 


2 ml std. 


1(00 


71.5 


O.IU6 


3 ml stdo 


1000 


iil.O 


0,390 



CALIBRATION CURVE; Data for the calibration curve are giyen belov 
and the curve on page 17, 

DATA FOR CALIBRATIOH CURVE 



ml atandard/lO S Boin!] 



Cone, in ug/1 



Corrected Absorbanee 



Blank 
0.5 
1,0 
1,5 
2.0 



100 
200 
300 
1^00 



0.010 

o.oin 

0.080 
0.120 
0.16U 
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18. 

Co IROH 

BlFEBEKCEs Saxidell^ Procedure B, page 3^^^ 

BEAGEHTSs Hydrpxylamine hydrochloride (10^) <. 
Sodiim acetate (lOjS) 

k^ 7-diphenyl«lg 10 phenanthroline (OoOOl M)c. (33 a« 
in 100 ml of a 1^1 volume mixture of isoaisyl and ethyl 
alcohols o) 
Ethyl alcohol 
Isoaiayl alcohol 

GMSSWABEi 3 separatory funnels ^ 3 25<»ml volumetric flasks o 

APPABATUSs Spectronlc 20 o 

PBOCEDUBEs fo 2f ml of sample (Ool ^ 10 ppm Fe) add 5 :e^ of lOf 
hydrojgrlamine hydrochloride solution and 10 ml of 10 % sodium 
acetate^ Add 10 ml of the phenanthroline$» 13 ml of isoaoorl alcohol 
and shake irell« Allow the phases to separate for 5 minutes ;> drain 
off the aqtueous phase ^ and transfer the alcohol to a 25Hal irolumet*^ 
ric flask« Binse the separatory fuianel vlth a few ml of ethyl 
alcohol and make up to volume irith it^ Obtain the absorbance of 
the clei^ mi:tied solul^lon at ^33 millimicrons o 
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SUMMARY OF PBELIMIHARI DSXEBMUfATIOKSs Extreme eare maut be used 
to avoid eontamlaatiosi of the reagent « A nxmmmry of the data Is 
glTen belovo 

SUMMARY OF PRELIMIVARY IBOS DESBRMIHATIOHS 







.n>.,-...J.r,,iEii!5?ft..>. ., 




Seionized muter 


? 


86.3 


0.063 


Lake MlcMgan 


1 


86.0 


0.002 


p.l al„»td. 


, ...2Q,.., 


^®2.9 


O'OIT 


0«5 al std« 


100 


61.8 


0.157 


1«@ Bl 0td« 


200 


J»5.5 


0.279 


2«0 ai std. 


1»00 


21.2 


0,617 



GORCLUSIOirSs The llnit of detection is about 10 micrograms per 
liter and the limit fos; reasonably accurate determination is about 
30 micrograms per liter« A slight pink color appears upon addisig 

,,*■"."■' / ^ ' . ' , ........ ■ ' ■ ■ /;. , ■,. ' ■ 

■v . ' '' ■ ' ■ ■ ' ■ • ' ' ' ■ ■ ' 

isoam^fl alcohol to the V^T^^dii^henyl^l^lO^^iaienw^ Except 

tor th^Sp thf method a^pp^^B gmrsr satisfactorjr and relatirely sim^ 

ple^ 



CALIBBASIOH CURVE s The Spec;{kronic 20 yas zeroed with 8 ml isoaiagrl 
4* 2 ml etlqrl alcohol mixture <» i!fae blank does not seem excessive 
in relati<m to the very high abso]rbance8 observed iri*Ui dilute 



20. 
solutiOBS of the standard. Data for the calihrati<ai curve are 
given below and the curve Is on page 21. 

DATA FOB CALIBRATION CURVE 

ml stand^dyiQ ml solia. Cone. In ug/l Corrected Ahsorbancc 

Blank 0.079 

0,1 100 0.053 

0,5 500 0.393 

1,0 1000 0.807 

1.5 1500 1.222 



21. 
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22* 
D« MAHGAHSSI 

BEFEREHCE; "Standard Methods for the Examination of Water and 
Wa4B(tevatert*' 12th Edition » American Public Health 
Aasociation, Bfev York (l?^!?)^ Procedure A^ page 173} 
Sandellt page 6l2« 

BEAGEHfS) Special reagent «• Diaaolve 7? g inercurio sulfate in 
^00 ml cone, nitric acid and 200 ml vater^i Add 290 
ml 8!?^ phosphoric acid and 0«03$ g silver nitrate, and 
dilute the cooled solution to 1 liter* 
Ammonium persiilfate « solid* 

AFPABATIIS: Spectronic 20« 

PROCEDUBE: Add 5 ml of the special reagent to the sample solution 
(0*005 to 5 mg of Mu)« Dilute to about 90 ml, add 1 g of ammonium 
persulfate, and bring to boiling in about 2 minutes orer a flame* 
Remove the flash from the flame and cool under the tap after steady- 
ing for 1 minute* Dilute to 100 ml and obtain the absorbance at 
52$ millimicrons unless considerable chromium is present, in irhich 
case measnre at 5^5 millimicrons* 

SUMHARX OF PRELIMIIASI DESERMINAf lOBS : The final volume was 100 
ml ^3 ml* Data are given on page 23* 



SUMHARY OF PBELIMIHARY 
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DETEBHIHATIONS 



Solution used 


Cone, tig/1 


% Trans. 


Absorbance 


Lake Hichigaa 


7 


off scale 


off scale 


0.^ ml std. 


50 


off scale 


off scale 


l.Q 


100 


98.8 


0,005 


2.0 


200 


97.2 


0.011 


3.0 


300 


96.5 


0.015 


H.O 


kOQ 


9k,9 


0,021 


5.0 


500 


90.6 


0.0l»2 


10.0 


1000 


83.5 


0.083 



CONCLUSIONS 3 The limit for detection is about 100 |ig/liter« The 
limit for accurate determination is about 500 |jg/liter« The method 
lacks the necessary sensitivity for trace analysis « Alternate meth* 
ods do not appear very attractive although some are more sensitive^ 
It might be possible to use a larger sample and/or a smaller final 
volume (See page H0« ) 



CALIBBAf ION CURVES A lOoO ml sample was used and a first volume of 
25«00 ml instead of the 100 ml given in Sandell<» Data for the 
calibration curve are given on page 2^ and the curve is on page 25 « 



2l». 
DATA FOR CALIBRATION CURVE 

ml ataodard/10 ml aoin. Cone, in ug/1 Absorbance 

0«5 200 0.011 

1.0 UOO 0,027 

1.5 600 0,01^6 

2.0 600 0.060 




o 

CM 

o 
liuiQZQ 40 aouoqjosqv 



26. 

HICKEL 

BEFERENCEv SaadAll, Alternate Procedure A, page 672. 
BEAGEHTS: Sodium citrate (20j{) 

^droacylaalne hydrochloride {10%) 

Slmethylglyoxime (1^ in alcohol) 

Amaonium hydroxide (cone.) 

Chloroform 

Ammonium ^dr oxide (is^O) 

Itydrochloric acid (0.5 M) 

Bimethylglyoxime (2.51^ in IM sodium hydroxide) 

Sodium hydroxide (ION) 

Ammonium per sulfate (16^) 

Phenolphthalein indicator 

GLASSWABEs 3 250-ml separatory funnels (graduated) , 3 125^al sep- 
aratory funnels, 3 60Hal separatory funnels, 3 25-al 
▼olumetric flasks. 

APPAEAT^s Spectronic 20 

PROCEDUEEs Pipet 25 ml of fsa^le. into each of 2 125-ml separatory 
funnels and 25 ml of high purity water into a third. To each add 
10 ml of 20Jf sodium citrate, 2 ml of freshly prepared hydroj^lsmine 
hydrochloride, 2 ml ot 1% alcoholic dimethylglyoxime , and 2 drops 



27c 
pheiiolphthalein<r , ]f$iPit:rali2e witH conco ainmoniiua hydroxide and add 
3 drops in excess o Dilute to 60 ml and shake for 2 minutes with 
20 ml of chloroformo Separate the phases transferring the chloro« 
form layer to 60»ml funnels o Empty the aqueoiis phase through the 
tops of the 12^<->ml funnels and discardo Rinse with piu^e water <> 
Shake the chloroform solutions with 10 ml of Is 50 ammonium hydrox^ 
ide for 1 minute o Transfer the chloroform layer to the original 
125-ml funnels o Drain and vater rinse the 60«ml funnels o Shake 
the chloroform solution in the 125«ml funnels with 10 ml of 1§ 50 
ammonium hydroxide for 1 minute o Transfer the chloroform layer to 
the rinsed 60-»ml funnels o Add ^ ml ot IM HCl and shake for 1 min«» 
uteo Separate the phases , discarding the chloroform^ 
To the acid solution in the ftmnelsD add 1 ml lOM HaOH, 1 ml of 
2o3% dimethylglyoxime in IM NaOH jand 6 drops of 10^ ammonium per«* 
sxilfate solution Swirl to mix and transfer to 25<»ml yolume.trlc 
flaskso Dilute to volume after 10 minutes using high purity water 
and rinsing the funnels in the process o Measure the ahsorhance at 
k60 millimicrons o 

SOMMABY OF PBELIMIHABY DETEEMIHATIONSs The procedure was followed 
exactly except that the wash with dilute ammonium hydroxide to re«» 
move copper was omitted o The recorded runs were made on different 
days and do not appear to be consistent « A precipitate appeared 
when the alkaline dimethylglyoxime was added to one of the samples 



28. 
so the aaoant was cut from 2 ml to 1 b1 and this may account for 
the lower absorhance on the second day (200 aac|. 1200 vg/l saiuples.) 

SUMMARY OF PBELIMIHABY HICKEL DETEBHIHA37I0NS 



Solution used 


Cone. M&Jl 


1 Triuis, 


Absorhance 


Pure vater 


00 


9ko% 


0,02l» 


Lake Michigan 


1 


98,5 


0.006 


0.50 ml std. 


200 


97 oil 


0,011 


1.00 ml std. 


1^00 


ppt. 




2.00 ml std. 


800 


81,8 


0.068 


3.00 ml std. 


1200 


81t.O 


0,076 



CpSCLUSIOBfSi The limit of detection is about $0 lig/liter and the 
limit for reasonably accurate determination is about 100 |ig/litero 
The procedure is very lengthy o The results are not very consistent 
partly due to a rather great change in the absorbance of the final 
solutions iirith timso However » the method a|>pears as good as any 
available 



GALIBR&TIOH CUBVEs The first set of spectrophotcmetric readings 
vere taken after 10 minutes in each case and the second set after 
about 1? minutes (? additional minutes }« Data are given on page 
29 and the curve appears on page 30« 



DATA FOB CALIBRATIOH Cimvs 



29, 



al» 8td» 


Cone, in ufc/i 


Corr, Absorbance 


Corr. Absorbance 


Blank 





o,on 


0.008 


loOO 


ItOO 


0.093 


0,090 


2,00 


800 


0,308 


0.378 


3.00 


1200 


0.186 


0,1*58 


U,oOO 


1600 


0.161* 


0.268 


5.00 


2000 


0.598 


0,858 



O 
O 

o 




8 


o 
o 


8 


8 


00 


<P 


^ 


<S 
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o 
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d 
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31o 
Fo ZINC 

BEFlBEHCEs Standard Methods^ ppo 313-20} Saxtdell, page 9?1« 
REAGENTS s All should he sine free<, 

Hydrochloric acid^ 211 

Sodiiam acetate ^ 2H (68 g HaC2H302o3H20 in final Yoltime 

of 250 ml) 

Acetate buffer «- mix equal yolumes of 1 4- 7 acetic acid 

and 2N sodiiam acetate <» 

Sodium thiosulfate -- Dissolre 25 g IIa2S203 o 5H2O in 100 

ml water o 

Mthizone (I) - Dissolve OalO g diphenylthiocarhazone 

in 1 liter of carhon tetrachloride « Store in hrown glass 

in the refrigerator <» 

Mthizone (II) -» Dilute dithizone Is 10 using carbon tet<» 

rachloride« Store in brown bottle in a refrigerator <i 

Good for several weeks 

GLASSWABE^ 60-ml separatory funnels 9 pipets^ beakers o 
APPARAfCfSs Spectronic 20 a 

PROCEDURES Adjust the pH of the sample to between 2 and 3 with HCl 
first removing excess HCl if necessary by evaporation in a silica 
dlsho Transfer 10 ml of the sample to a 60«-ml separatory funnel » 



32o 
add 5 ml of acetate buffer and loO ml sodium thiosulfate ajad miXo 
The pH should "be between k and 5o5 at this point o Add 10 oO ml of 
dithisone (ll)» stopper and shake vigorously for koO minutes « 
Transfer to clean ^ dry large size colorimeter tubes and measure 
the absorbance at ^3? millimicrons o 

SUMMARY OP PBELIMINASY DETEEMIHATIOHS s The blank vas used to set 
the spectrophotometer at 10055 transmittancea The data appear below 

SUMMARY OF PRELIMIHARY ZIHC DETERMIMTIOHS 



Solution used 




i Traas. 


Absorbance 


Lake Michigan 


? 


100+ 




Tap water 


? 


100 




Ool ml stdo 


100 


59.0 


0,2U0 


0o2 ml stdo 


200 


35.0 


0.1*55 


Oo3 ml stdo 


300 


18,8 


0,730 


Oo^ ml stdo 


Uoo 


12,0 


0,920 


Oo? ml stdo 


500 


5.2 


1.30 



CONCLUSIONS s The limit of , detection is about 1 pg/litero Because 
of the extreme^ sensitivity of the determination care must be taken 
to use-, zinc-free water and reagents or to extract the j&inc impurities 
with dithizoneo The procedure Is relatively simple and appears to 
be entirely satisfactory 0, 



33. 



CALIBRATIOH CURVE? Data for th^ calibration curTe are given below 
and the curve i^ sbown on page 3^o 

DATA FOR CALIBRATIOS CUEVE 



ml gtandard/lO ml 8oin<i 



Ool 

Oo3 
Oo5 
Oo7 



P,ffPg» j^*^ PgA 



50 
150 
250 
350 



Absorbance 



0.095 
0,397 
0o569 
O082U 



3h. 




O ^ 



0) 






c 
N 



c 
o 



0) 

o 

c 
o 
o 



o 

O 
O 



O 

2 

d 



rfujg^g 
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O 
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o 


d 


d 


40 
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35o 
IVo DATA OH WATER ANALYSIS 
^^Spiked" Lake Michigaa Water 
lo Preparation of the ion exchange coltanno 

Place about 20 g of strongly acid cation exchange resin (Bowex 
50W-.X8 or Amherlite;IB120) in an Irleniaeyer flask jj cover with water 
and let stand overnight o Pour of f the water and any fines in the 
resino Add ks HCl^ shake and allow to stando Wash with large 
portions of water o Pour on IM NaOHs, pour off after 2-4 hours and 
wash several times with water o Finally pour 20-50 ml of 1«2H HCl 
on to the resin ^ mix with water and transfer to the column which 
has previously heen filled with water o Pass 2«>1*H HCl through the 
column to transfer to the hydrogen forma The rate should be 2-4 
ml peir minute per square centimeter o It will require about 100 ml 
of klS acid for 10 grams of resin^ Wash with water at ^^6 ml per 
minute per square centimeter a 

Attach the plastic separatory funnel to the top of the column and 
a plastic delivery tube with screw clamp to the outlet capillary 
ttibe^ 

2 a Preparation of "Spiked^^ Lake Michigan Water 

To a 2-liter volumetric flask 9 add k ml each of standard copper 
and zinc solutions and 2 ml each of the iron and manganese stand^d 
solutions o Add 10 drops of 2S HCl and dilute to the mark with Lake 
Michigan water This soluticm will contain 10 micrograms per liter 



36. 
of eiMh of the four ioas plus irltfttttrer it ooatalned in th« Lake 
ICLcliigaa vater. 

3« Concentration of the Sample. 

Adjust the pB of the spiked irater to $.?«7.5 hj adding dilute 
laOH and checking vith a pK aeter or a suitable indicator. Itua 
1000 nl of the spiked water through the coluan at 10 lal per minute. 
Wash vith pure water to displace the saaple, JBlute at 1 al per 
minute using 20 ml of 2K HCl followed hy^ enough water to gire an 
eluent volume of 100 ml, 

^o AnaljTsiSo 

Bun determinaticms on the spiked Lake Michigan Drater using tm- 
spiked Lake Michigan water as the reagent hlaak. Also run deter- 
minations <m the concentrated sasqple using uospiked Lake Michigan 
water for the reagent hlaak. Sun a saorple of eqixiraleivt estimated 
concentration prepared from the standard, 

9o Besttlts. 



Coj^er 

Ir^i 

Manganese 



Standard 



Abs. 



0,036 
0,101 
0,007 



l'g/\ 



100 
100 
100 



"In 



Abs. 



Spiked^water 



0.003 
0,056 
0.002 



II MS/ [ijr 



10 

n 

30 



mmmmmmmmmm 



Sft 



«P ic® 



0.010 

o.oito 

0.000 



lixchange 



Mil 



28 



37o 
Bo Lake Michigan Water 

lo Preparation of the Sample 

Tea liters of the January sample of Lake Michigan vater (see 
page k) vere passed through the cation exchange column« The resin 
was Dovex ^OW^XS^ about 26 cm! in volume « The column was eluted 
with 100 ml of kS HClo The rate of elution vas adjusted vitfain 
the range 1«2 ml per minute o The colxamn va§ flushed with 100 ml 
of high purity vatero This 200 ml concentrate was evaporated in a 
2S^0«»ml silica dish to incipient dzyness^ taken up in high purity 
vaier and diluted to 100 mlo Samples of 10 a 00 ml each vere used 
in testing for all six metals » The concentration factor vas lOOslo 

2o Results 





Blank 


Stan« 


lard 


Ccxnco I 






Abs. 


ti«/l 


Abs. 


ii«>l 


Aba. 


u«/l 


Cobalt 


OokSQ ' 





0,076 


100 


0,06l 


80 


Copper 


0.019 





0.153 


1»00 


0,168 


UO 


Iron 


0.039 





0.289 


Uoo 


0.102 


no 


Mangwaege 


6,003 





. 0,009 


120 


0,018 


200 


Nickel 


- 





0,088 


1000 


0.036 


»H0 


Zinc 


-■ 





1.98 


1000 


0.1*52 

. 


200 



HQTEs Absorbances ill this and other following tables are averages of 
several measu:^ementSo For the standard and sample » these have 
been corrected for the hlanka 



38o 
Filtered Lake Erie Water and Filter Extract 
lo Preparation of the Sample 

Tvelve liters of the March composite of Lake Erie water were 
filtered through an 0o8 micron millipore filtera Six drops of 6s 
HCl were added to each liter of vater^ changing the pH from 8 to 
.3o5o The millipore filters from the above filtration were placed 
in a flask with about ^0 ml of 12N HCl and heated on a hot plate 
at low temperatures The filters began to disintegrate in a few 
hours leaving a yellow solution o This was filtered by suction 
through Whatman 03 filter paper o The excess HCl was removed by 
evaporation and the residue taken up in high purity water « 

2o Bestilts 





Standard 


Filtered Water 


niter ] 


Sztract 




Abso 


««/l 


Abe. 


uu/1 


Aba. 


««/l 


Cobalt 


0.088 


50 


neg. 


- 


0,269 


200 


Copper 


O0O73 


200 


neg. 


- 


O.OUO 


100 


Iron 


0.393 


500 


O.OOU 


3 


0.681 


880 


Manganese 


- 


- 


neg. 


- 


neg. 


- 


Nickel 


0.088 


1000 


neg. 


- 


0.025 


280 


Zinc 


0o229 


100 


0.020 


15 


- 


- 



39. 

£>« Lake Erie Water Concentrated by Ion Exchange 
1« Preparation of the Sample 

In order to compare the effectlvenesd of the two resins, lden«- 
tlcal Ion exchange colixmns were set up using Doirex ^OW«-X& and Chelex 
100 (Ha'^ form) « The latter Is a chelating Ion exchange resin irhlch 
Is supposed to show an unusually high preference for heavy metal 
catlonso Two liters of mllllpore filtered Lake Erie water were 
passed through each resin column using the same flow rate as nearly 
as possible o Each column was eluted with 100 ml of klS ECl followed 
by 100 ml of pure water o These eluents were evaporated to Incipient 
dryness In a silica dish, taken up In high ptirlty water and trans- 
ferred to a 100-*ml volumetric flask « After adjusting the pH to 
about k^ they were diluted to the mark. This gave a 20 si concen- 
tration of the original lake water o 

2c Results 





Bowex 


Che] 


Lex ' 


Dowex s Chelex Ratio 




Abs. 


m/l 


AT}B. 


u«/l 




Cobalt 


0.028 


21 


0.079 


60 


0.35:1 


Copper 


0.039 


95 


0,018 


U5 


2,ia 


I?pa 


Oo09k 


M^ 


. 0.025 


»»5. 


3.7:1 


Maaganeif^e 


0.009 


120 


0,025 


50 


2,U:1 


Ni<:H«l 


0.003 


60 


0.012 


230 


0.26j1 


Zinc 


0.726 


320 


0.818 


350 


0.92 J 1 



£o Lake Ml(|hlgan Water (April Sample) 
lo Preparation of the Sample 

This study vaa an attempt to compare the efficiency of methods 
of concentration of natural waters by evaporation and by ion exchange « 
Five liters of unf iltered Lake Michigan water collected in April and 
kept under refrigeration were evaporated to dryness and the organic 
matter oxidized with concentrated nitric acid to give a white ash<i 
This was taken up in dilute HClo A white precipitate assumed to be 
CaSOit was filtered off and thoroughly washed <» The volisme was ad«- 
Justed to 100 oO mlo 

Another five liters of the same batch of Lake Michigan water 
was put through an ion exchange column composed of S/'* Chelex 100 
and 1/U Dowex ^0 at a low rateo This was eluted with 211 HC1« The 
theoretical concentration factor is ^Oslo 

A new procedure was used to give a more concentrated solution 
for the measurement of absorption by manganese o Use 10 a 00 ml samples 
in ^0«»ml Erlenmeyer flasks o Add ^ ml of special reagent » ^ ml high 
purity water 9 and OoS^ g ammonitim persulfateo Bring to a boil in 
about two minutes o Let stand one minute , then cool under the tapo 
Transfer to a 2^-*ml volxametric flask » dilute to the mark and measure 
absorbance at ^k^ millimicrons a 

2o Besults 

See table on page klo 



kl. 



^ ■ ■:•■ '/ 


Standard 


Eyaporation 


EzchanRe ^ 


■■ . -■'■-• 


Absv 


UR/X 


Aba. 


««Vl 


Aba. 


bk/1 


Cobalt 


0.237 


50 


0.095 


75 


0,085 


67 


Copper 


0.02T 


25 


0.022 


50 


0.022 


50 


Iroo 


0.183 


30 


0.025 


»^5 


0.273 


350 


Manganeae 


0.026 


400 


turbid 


t 


0.008 


110 


Nickel 


0.008 


150 


0.009 


170 


0.018 


3hO 


Zinc 


0.82li 


350 


0.509 


225 


0.886 


375 



k2. 
Lake Michigan Water by Double Ion Exchange 
lo Preparation of the Sample 

Two liters of the April sample of Lake Michigan vater were 
passed through the Dovex 50 coluBm* !nbie column was eluted with 
50 ml of 12H HCl followed by 10 ml of water and passed to a second 
column containing Amber lite IRA HOOa The eluent was collected and 
saved for the nickel determination since no chloro complex is formed o 
The Amber lite liOO was eluted with 200 ml of high purity water which 
was tfeen evaporated to dryness and taken up in high purity water <, 
After adjusting the pH to 2^k^ the solution was dllute41io:^Q^:Pg^^^^ 
ml«-Th<? theoretical' concentra^^ 1^0 slo 



2« 


Besixlts 














Blank 


Stan< 


lard 


Sample 




Abso 


BK/l 


Abs. 


ii«/l 


Abs, 


Bg/1 


Cobalt 




Oo5lt7 





0,065 


50 


0,252 


192 


Copper 




0,013 





0,039 


100 


0,033 


85 


Iron 




0.036 





O.U05 


500 


l,331t 


1700 


Hlckel 




- 


- 


0,009 


170 


0,003 


60 


Zinc 




- 


- 


O.82U 


350 


1.97 


8U5 



k3. 
6« Lake E^ie Water (April) 

1« Preparation of the Sample 

Two liters of the Lake Erie cceiposite for April measured ±a a 
two liter Tolimetric flask vere taken from the ? gallon carboy vith 
previous thorough agitation to disperse the insoluble matter (algae 
mostly) so that a representative sample vould be obtained^ Evap- 
oration vas carried out in a $00-»ml long-*necked flask usin^ a heat- 

! " 

ing mantle. The sample was finally carefully transferred to a silica 
dish<» Repeated evaporation vith cone, nitric acid failed to produce 
a white residue so heating in a muf f le furnace vas tried* So means 
vas available for meastiring the temperature but it vas estimated 
to be 600-700*^ Co 

The residue from ignition was nearly but not completely nhite. 
It vas taken up in water (partially soluble) , evaporated on a water 
bath |and again treated with conc» nitric acid» After another heaV 
ing in the muffle furnace, the residue still was not completely 
white 

After repeated nitric acid oxidations, a white water-and-HCl 
residue was left« This was water washed in the hope that the trace 
elements would be extracted. The residue was filtered off and dis- 
carded and the solution diluted to ?0 ml« The theoretical poncen-* 
tration factor is ifOsl. 



2, Resiats 



kk. 





Blank 


standard 


Sample 




Aba. 


B«/l 


aW. 


ua/l 


Abs. 


U«/l 


Cobalt 


0.538 





0.123 


100 


0.082 


68 


Copper 


O.Oll* 





0.039 


100 


0.092 


230 


Iron 


0.085 





0.053 


100 


0.0 





Zinc 


. 





0,690 


300 


0.513 


225 



h5. 

Ho Lake Erie Water (May) 

1« Preparation of the Sample 

Two liters of the May composite of Lake Erie vater were fil- 
tered throiigh an Oo8 micron millipore filter and then passed through 
double ion exchange columns containing Dowex 50 and Amber lite ^00 a 
The effluent from the anion exchange resin was evaporated and 
adjusted to 25 mlo This should contain all the nickel at an 80sl 
concentratiouo The columns were eluted with ION HCl and the volume 
adjusted to 50 ml giving a UOsl concentration factor a 

2o Results 





Blank 


standard 


Sample 




Abs. 


UK/1 


Abs. 


u«/l 


Abs. 


u«/l 


Cobalt 


0.550 





0.130 


100 


0,032 


28 


Copper 


0.012 





0.080 


200 


0.079 


200 


Iron 


0.077 





o.Uoo 


500 


0.131 


i6o 


Nickel 


mm 





0.009 


170 


0.003 


60 


Zinc 


- 





0.570 


250 


0.830 


350 



k6. 
I* Concentration of Trace Slementp by Copreclpltation 
!• Preparation of tbe Sample 

One liter of the May Lake Michigan water vas treated vith 100 
ml of 3% Ila2C03 and allowed to stand overnight « The pH vas between 
U and 12« The restating precipitate was filtered using a fine 
fritted glass filter. The residue was dissolved in 15 ml of 211 
HCl and the beaker and filter were washed with several portions 
of high purity water. The volume was adjusted to ^0,00 ml using 
high purity water* The concentration factor is 20:1* 

2. Results 





Blank 


Saaq 


pie 




Abs., 


UK/1 


Abs. 


^B«/l 


Cobalt 


0.5U0 





0.538 





Copper 


0.007 





0.010 


2k 


IroD 


0.072 





neg. 


.'• 



hi. 
Vo SUMMARY 
Spectrophotometric analytical procedures for trace elements in 
natural waters were developed for cobalt ^ copper, iron, manganese, 
nickel, and zinc. The procedures described were very satisfactory for 
cobalt, copper, iron, and zinc« The manganese procedure lacked the 
necessary sensitivity for trace work and some attempts were made to 
improve ito The nickel determination was very lengthy, not highly 
sensitive, and did not give reproducible results* A summary of the 
methods is given below. 

IKPOBMATIOH OH THE DETERMIHATIOII OF TRACE ELEMENTS 



Element 


Detection 
Idait (u«/l) 


Limit for 10^ 
Accwacy iutt/l) 


Solvent 


Wavelength 
Millimicrcms 


Co 


50 


100 


H2O 


U2Q 


Cu 


20 


100 


CHCI3 


U35 


Fe 


10 


30 


isoamyl ■<■ 
etl^l alcohols 


533 


Ito 


100 


500 


H2O 


525 


Ni 


50 


100 


Hj,0 


k60 


Zn 


1 


30 


CCl^ 


535 



Various methods were tried for concentration of natural waters so 
that trace elements would be detectable o These included concentration 
by evaporation, by ion exchange through various resins and combinations 



of resins t a&d by copreclpitatlon* The latter study vas not completed* 

Future work in this field could include investigation of procedures 
using a more sensitive spectrophotometer than the Spectronic 20 , and the 
use of entirely new techniques involving atomic absorption or specific 
ion electrodes o 



